The integrity of the central auditory system is a fundamental condition for language development. Good language development is related to good academic performance and adaptive behavior. Therefore, the evaluation of auditory processing along with behavior as well as the verification of a possible relationship between them can indicate possible ways on how to deal with both problem behavior and difficulties in language. 187 parents of preschoolers (mean age 3.8 years) were interviewed individually and asked to fill in the CBCL (Child Behavior Checklist), for ages 1(1/2) to 5, providing a behavioral profile concerning externalizing and internalizing behavior. Children were assessed regarding central auditory processing skills through the Simplified Assessment of the Auditory Processing-SAAP (Pereira & Schochat, 1997) including Sound Source Localization (SSL); Non-Verbal Sound Sequence Memory (NVSSM); Verbal Sounds Sequence Memory (VSSM). To investigate a possible association between central auditory processing skills and behavioral problems, all the scores in CBCL and the total scores of Simplified Auditory Processing Assessment were correlated with functional parameters using the Spearman rank correlation. The behaviors "acts too young for age"; "constantly seeks help"; "does not eat well"; "does not seem to feel guilty after misbehaving"; "easily frustrated"; "nervous movements or twitching"; "nervous, highstrung, or tense"; "poorly coordinated or clumsy"; "repeatedly rocks head or body"; "stares into space and seems preoccupied", "sulks a lot" and "wanders away" were correlated with poor auditory pro-C. A. Varanda et al. 1590 cessing skills. This indicates that the school staff along with health professionals should provide informational counseling regarding, not only the communicative difficulties associated with a poor performance on central auditory processing skills but also the psychosocial difficulties that these children may be facing.
Introduction
The way the brain processes the sounds which are received from the environment refers to its ability to analyze their distinguishing physical characteristics such as frequency, intensity, and temporal features. Then the brain constructs an "image" of the signal from these component parts for comparison with stored "images." If a match occurs, it is possible to understand what is being said and to recognize sounds that have important meanings (sirens, doorbells, crying, etc.) (Schminky & Baron, 2000) . Central auditory processes are the mechanisms and processes of the auditory system responsible for some behavioral phenomena such as sound localization and lateralization; auditory discrimination and pattern recognition; temporal aspects of hearing; auditory performance decrements with competing acoustic signals and auditory performance decrements with degraded acoustic signals (ASHA, 1996) .
The integrity of the central auditory system is a fundamental condition for language development. Successful language development is related to good learning abilities and academic success (Bishop & Adams, 1990; Capovilla & Dias, 2008; Sharma, Purdy, & Kelly, 2009) . Individuals with auditory processing deficits tend to present behavioral manifestations occurring in isolated or associated forms, including verbal communication and writing, academic performance, social behavior and hearing (Jorge, 2006) . Besides, there seems to be a high frequency of symptoms related to academic and behavioral difficulties in patients with auditory processing disorders (Fridlin, Pereira, & Perez, 2014) .
Besides the effect language has on learning, it affects behavior as well. Language is important for regulating attention and behavior. Language and communication skills can also interfere with socialization (Petersen et al., 2013) . When children can communicate their needs they can use more reasoning in negotiating with adults and their peers, preventing them to develop problem behavior. Concerning social behavior, research has shown that externalizing behavior problems in preschoolers can have a negative impact on their development (Homem, 2013) . Childhood behaviors marked by defiance, impulsivity, disruptiveness, aggression, antisocial features, and overactivity are called undercontrolled, or externalizing (Hinshaw, 1992) . These problems are also related to academic underachievement.
Therefore, both the evaluation of the auditory processing skills and the behavioral assessment can be helpful for the early identification of children at risk for learning disabilities and also to indicate behavioral problems that can be associated with central auditory impairment.
The purpose of this study was to compare behavioral profiles with central auditory processing deficits in preschoolers. The hypothesis is that children who present deficits in auditory processing skills present behavioral difficulties which shall indicate an association between those deficits and some externalizing behaviors. This finding could facilitate a broader understanding on how to handle some behavioral issues among children who have central auditory processing deficits.
Methods and Material
The research project's participants were 187 parents of preschoolers (mean age 3.8 years). They were participants of a larger research which aimed to investigate the effects of an intervention to develop language abilities and behavioral skills among preschoolers. They were recruited from four different schools whose principals agreed to take part in the research study. Using the occupational scale proposed by Hollingshead (2011) , almost half of parents fall into the 3rd and 4th categories (machine operators, semiskilled workers, smaller business owners, skilled manual workers, craftsmen); 11% are classified as menial service workers; 8% as unskilled workers; another 8% did not inform their occupation; only 5% are classified as technicians, semiprofessionals, small business owners, another 5% are classified as administrators and proprietors of medium-sized businesses; 4% of them are sales workers; another 4% are unemployed; 3% of them are managers and minor professionals and only 2% of them are higher executives, proprietors or large businesses and major professionals. These parents were interviewed individually and asked to fill in the CBCL (Child Behavior Checklist) (Achenbach & Rescorla, 2000; Bordin et al., 1995) , for ages 1(1/2) to 5 years, which provides a behavioral profile concerning externalizing and internalizing behavior. High scores in CBCL indicate behavioral problems once parents are asked to quantify the behavioral problem presented by their children in the past two months using a scale of 0-1-2 points that indicates respectively: false item or absent behavior (0); partially true item or sometimes present behavior (1); and really true item or frequently present (2). There are 100 statements presenting possible behavioral problems. Different behaviors are related to different domains: emotionally/reactive; anxious/depressed; somatic complaints; withdrawn; attention problems and aggressive behavior.
Children were assessed regarding central auditory processing skills through the Simplified Assessment of the Auditory Processing-SAAP (Pereira & Schochat, 1997) including Sound Source Localization (SSL); NonVerbal Sound Sequence Memory (NVSSM); Verbal Sounds Sequence Memory (VSSM). Bells, agogos (percussion metal musical instruments), coconut shells and rattles were used in the simplified auditory processing evaluation. The Sound Source Localization (SSL) assesses the ability to locate the sound source come from five different directions. Individuals are instructed to point to the direction of where they think the sound comes from. This test may be carried out with a rattle. The Non-Verbal Sound Sequence Memory (NVSSM) assesses the ability of sequential memory for nonverbal sounds. First the sounds of each instrument are separately presented for the subject to acknowledge each instrument. Next, four sequences of sounds with variations in the order of instruments are played and the subject must turn and point to and/or name the sequence heard, without seeing the sequence played. The Verbal Sounds Sequence Memory (VSSM) assesses the ability of the subject to repeat the syllables /pa/, /ta/ and /ka/ presented in three different orders.
To investigate a possible association between central auditory processing skills and behavioral problems, all the scores in CBCL and the total scores of Simplified Auditory Processing Assessment were correlated with functional parameters using the Spearman rank correlation. The adopted level of significance was 5% (p ≤ 0.05). The research was proceeded with the consent of the Ethics Committee for the Analysis of Research Projects of the School of Medicine-Universidade de São Paulo (USP) under number 381/14. The adults responsible for the children signed the consent form.
Results and Discussion
Some specific behaviors identified through the answers obtained in CBCL were negatively correlated, with statistical significance, with central auditory processing skills through the total punctuations obtained in SAAP, indicating that poor performance in central auditory processing was correlated with the stronger presence of behavioral problems. Table 1 presents the significant negative correlation obtained between behavior and central auditory skills.
Unexpectedly, two behaviors were positively correlated with central auditory processing skills: aches or pains without medical cause and diarrhea or loose bowels when not sick.
There were two types of behavior found in "emotionally reactive", "aggressive behavior" and in "attention problems" domains. There was one type of behavior found in the "withdrawn" and one in the "attention problems" domain. The other behaviors were classified as "other problems". It is expected that difficulties in processing sounds adequately can interfere in the ability of the individual to relate with the environment and others. Attention problems can be the result of failures in following instructions or speech successfully. It is hard for someone to focus his attention on information he cannot fully comprehend. Or attention problems can co-occur with language deficits (Petersen et al., 2013) . Petersen et al. (2013) state that one possible mechanism linking language to attention and behavior problems would be the use of language in the form of private (self-directed) speech as a regulator. This would improve behavioral regulation. Again this self-directed speech is dependent on how well the children are able to process the acoustic information come from the environment. Likewise, withdrawn responses could be a way of escaping the aversive or not fully understood situation. Aggressive and emotionally reactive responses could also be a way of dealing with inaccurately processed environmental information. In this case, when not understanding what happens in the environment, one can become anxiety prone which leads to emotionally reactive responses and aggressive behavior. 
Conclusion
The findings of this investigation indicate that children with poor central auditory processing skills experience significant emotional and social difficulties. The school staff along with health professionals should provide informational counseling regarding, not only the communicative difficulties associated with a poor performance on central auditory processing skills but also the psychosocial difficulties that these children may be facing.
